Abstract -Aims: The aim of this study was to estimate the overall impact of alcohol on US race-and sex-specific age-adjusted cirrhosis mortality rates and to consider beverage-specific effects that represent changes in drinking patterns over time, comparing states with large and small African-American/White cirrhosis mortality differentials. Methods: Using series data from 1950 to 2002, the effects of per capita alcohol consumption on cirrhosis mortality for African American and White men and women were estimated using generalized least squares panel models on first-differenced data. Granger causality tests explored geographic patterning of racial differences in cirrhosis mortality. Results: Cirrhosis mortality was significantly positively related to apparent consumption of alcohol, with an overall impact of 8-14%/l of ethanol. This effect was driven by spirits which were more strongly associated with mortality for African-American women and for African-American men in states with larger mortality differentials. This disparity first emerged in New York and spread through the Northeast and into Midwestern states. Conclusion: Differences in the contribution of alcohol to cirrhosis mortality rates suggest variation by race and gender in life-course patterns of heavy consumption, illicit liquor and spirits use, as well as birth cohort effects.
INTRODUCTION
Mortality from liver cirrhosis has long been linked to alcohol consumption (Terris, 1967) . This is, particularly, true for the kinds of chronic heavy drinking patterns often observed in alcohol-dependent individuals, but it is also seen for other habitually moderate and heavy drinking patterns. The role of other risk factors for cirrhosis and their interactions with alcohol use are still being explored. Recent research has considered genetic differences in alcohol metabolism, which may result in greater damage for some groups from the same dose of alcohol. For example, Stewart (2002) found evidence for increased liver damage from the same dose of alcohol for African-American and Hispanic drinkers relative to White drinkers, and a much stronger risk for women when compared with men from a given dose of alcohol has long been observed in individual-level studies (Tuyns et al., 1983) . The nature of the relationship between alcohol intake and cirrhosis is difficult to study due to the long period of drinking typically required to develop disease and the challenge of assessing alcohol consumption over such a long period of the life-course, given the documented lack of stability in individual drinking patterns over time (Kerr et al., 2002) . To understand possible differences by the sex and racial/ethnic group and building on our recent study of panel data methods for the analysis of alcohol consumption and cirrhosis , the present study estimates the overall impact of alcohol on cirrhosis mortality in the USA using aggregate-level models that consider beverage-specific effects and focus on a subset of 24 states in which the non-White population is predominantly African American.
With our focus on African-American and White cirrhosis mortality, we seek to update and expand analyses presented in Herd's (1985) article documenting extremely high cirrhosis mortality rates among African Americans in certain US geographic regions with predominantly urban African-American populations. She identified the Mid-Atlantic and North Central regions as areas where there was a significant cirrhosis mortality differential between African Americans and Whites. These differentials were not seen in southern states with large rural African-American populations. In these urban AfricanAmerican populations, Herd also identified birth cohorts between 1901 and 1950 as presenting a dramatic acceleration of cirrhosis mortality at relatively younger ages. A similar but much less dramatic birth cohort effect also was observed in mortality rates for the White population in these regions. Herd explains the racial difference in cirrhosis mortality trends through a detailed historical analysis of African-American migration from the rural South to urban areas in the North over the first half of the twentieth century. These migrants were exposed to a wetter culture both before and after Prohibition, but they were, especially, drawn into the liquor trade during Prohibition, which created a subculture of moonshine drinking that continued up until recently in some areas of the country. Differences in life-course drinking patterns between African Americans and Whites also may have contributed to the cirrhosis mortality rate differential. Relative to Whites, African Americans tend to start drinking and, thus, to experience problems at older ages, and they also continue drinking later into adulthood (Caetano, 1984 (Caetano, , 1989 . This propensity for continued heavy drinking at older ages is a key hypothesis regarding the cirrhosis mortality differential given the etiology of the disease (Lelbach, 1975; Skog, 1984) .
The present study builds on Herd's analyses by including 27 additional years of data for each state. Using data on sexspecific, age-standardized cirrhosis mortality rates for Whites and African Americans from 1950 to 2002, we are able to look at patterns of cirrhosis mortality across gender-and race-defined groups and to model relationships with an alcohol consumption series spanning the same time period. The availability of this 53-year series is, especially, important in the case of cirrhosis, because during the 1990s, African-American cirrhosis mortality rates declined to levels equal the rates for Whites of the same gender. Thus, our data allow observation of the entire process of divergence and convergence~40 years later. We describe mortality rate trends and racial differentials in a subset of US states with significant African-American populations in conjunction with per capita alcohol consumption trends, and model timeseries relationships between alcohol consumption and cirrhosis mortality further stratifying by the size of the mortality differential between African Americans and Whites. Finally, we use Granger causality tests to explore differences in the temporal pattern of African-American male cirrhosis mortality trends across states to determine how these detrimental drinking patterns may have spread geographically.
METHODS
This study was approved by the Public Health Institute's Institutional Review Board as an exempt study of nonidentifiable secondary data (IRB #I04-015).
Data
Yearly liver cirrhosis mortality rates were taken from the Vital Statistics of the USA (National Office of Vital Statistics, 1954 Statistics, -1960 National Center for Health Statistics, 1961 -1969 ) from 1950 to 1967 and from the National Center for Health Statistics Compressed Mortality File series (National Center for Health Statistics, 2000 Statistics, , 2003 Statistics, , 2004 for the years 1968-2002. These sources report deaths according to underlying cause, rather than using multiple cause coding, so that each death is attributed to only one cause. The rates were age-standardized to the 2000 US population using the number of deaths in each specific age group along with population estimates for that group. State-and age-specific population estimates came from the same sources as the mortality data from 1968 to 2002. The 1968 population estimates were used with data from the 1950 and 1960 US Decennial Census to calculate population estimates for all remaining years, with interpolations assuming a constant rate of increase (or decrease).
Natural logs of yearly age-standardized cirrhosis mortality rates were calculated for each state. Liver cirrhosis was defined based on several revisions of the International Classification of Diseases (ICD) using code 581 for ICD-6 and ICD-7, code 571 for ICD-8 and ICD-9 and codes K70, K73 and K74 for ICD-10. The data include White and non-White male and female mortality from 1950 to 1967, because more specific race/ethnicity categories were not available; the age-standardized mortality rates for White and African-American men and women are used from 1968 to 2002. The limited classification of race/ethnicity in the first 17 years of the series should not pose a serious problem for these analyses, as the states included in this study had total populations that were overwhelmingly classified as either White or Black by the US Decennial Census (U.S. Census Bureau, 2011) , as shown in Table 1 . For example, in 1950, from 99.2 to 100% of the total population was included in these two groups; in 1970, the range was from 98.7 to 99.8%.
Data for per capita apparent consumption of ethanol (in liters) from beer, wine, spirits and combined for total alcohol are derived from volume sales by beverage type using stateand year-specific estimates of the mean alcohol content. Alcohol sales figures came from US beer, wine and spirits industry statistics for the years 1950-1969 and from the Alcohol Epidemiologic Data System (Nephew et al., 2004 (Nephew et al., ) for 1970 (Nephew et al., -2002 . Estimates of alcohol concentration for each beverage type and year were developed from a variety of industry and government alcohol monopoly sources (Kerr et al., 2004; Kerr et al., 2006a, b) . We used a 0.7 geometric distributed lag truncated after 5 years for the alcohol variables, because previous consumption is theoretically relevant to cirrhosis risk and because the lag relationship fit the data better than current year data. As several years of data are lost in the creation of distributed lags, models start in 1955.
Analysis strategy
States with large numbers and percentages of AfricanAmerican residents were the focus of the analyses; we included those states where 90-100% of the population was either African American or White. As noted above, figures from the US Decennial Census were used to determine the number of African-American residents and the proportion of non-White residents in each state. States with large Hispanic and Native American non-White populations (i.e. those where >10% of the total population was of a race/ethnicity other than White or African American), particularly in the west, were not included. Graphical analyses of White and African-American cirrhosis mortality trends for males identified two groups of states corresponding to the regions identified by Herd (1985) . The 13 states with a large differential between race groups were Connecticut, Delaware, District of Columbia, Illinois, Maryland, Michigan, Missouri, New Jersey, New York, North Carolina, Ohio, Pennsylvania and West Virginia. The 11 states where such a difference is not seen for men were mainly southern states (Alabama, Arkansas, Georgia, Kentucky, Louisiana, Mississippi, South Carolina, Tennessee, Texas and Virginia) and Massachusetts. States with a large cirrhosis mortality rate difference for men also showed a similar difference for women. In the group of states with a small men's mortality rate difference, some states showed a similar pattern for women, but others had a large differential in women's mortality rates, with substantially higher cirrhosis mortality for African-American women compared with White women.
Panel models were estimated using generalized least squares (GLS). GLS is a generalized method specifying the variance-covariance matrix of the error structure, allowing the modeling of differences in variances across panels (heteroscedasticity) as well as panel-specific, first-order AR error terms. Panel models were fit using STATA version 10 (Stata Corp, 2007) . The first difference of both the log mortality rate and alcohol consumption series was used to remove unit roots present in the original series, which is a conservative approach to address state-specific time trends. The panel models estimated the effects of total alcohol consumption volume on cirrhosis mortality rates and then separate models estimated the effects of beer, wine and spirits consumption volumes Ye and Kerr, 2011) . Each model was estimated separately for each sex-and racedefined group, first using data from all 24 states in the subsample of interest, and then for the two subgroups of states with large and small African-American/White mortality rate differentials. A final set of models for African Americans adjust for the White cirrhosis mortality rate. These models examine the contribution of alcohol to the mortality differential by documenting alcohol's association with mortality rate changes for African Americans beyond those experienced by Whites. All panel models controlled for the years corresponding to an ICD version change. Coefficients represent the percentage change in cirrhosis mortality in response to a 1 l change in ethanol consumption.
The geographic patterning of mortality rate changes over time among African-American males gives an indication of the spread of detrimental drinking patterns across states. Granger causality tests (Granger, 1989) used lagged values of cirrhosis mortality rates from one state to predict the current value of cirrhosis mortality rates in another state. All pair-wise comparisons of states were tested. These tests incorporated two-lagged values and a 0.05 significance level was used for rejecting the null hypothesis of no relationship. Granger causality is determined when a significant relationship is found in one direction but not in the other, in this case, indicating a mortality rise (or decline) in one state was followed by a rise (or decline) in another.
RESULTS

Trends
Cirrhosis mortality and per capita alcohol consumption trends are shown for all states in selected years in Table 2 and in Fig. 1 for two states that illustrate the large and small African-American/White mortality differentials. Overall, both male and female cirrhosis mortality rates increased by~50% over the 1950-1975 period, with most of the increase coming after 1965. Rates then decline through the mid-1990s to less than half of their peak. The largest racial/ethnic differences are seen in New York, where the African-American male mortality rate reaches 127 per 100,000, which is about triple the White male peak rate (41 per 100,000). Similarly, African-American female mortality rates peak at~55 per 100,000 and appear to follow a trend similar to African-American males. An important feature of these rate comparisons is the similarity of rates in the 1950s and again in the 1990s. Whatever the process involved in the mortality differential, it can be seen to begin and end in during the period of study. Another important feature is the similarity of trends in mortality with trends in per capita consumption of spirits. The trends in total alcohol consumption were similar but proportionally smaller, as would be expected given the non-linear risk relationship between alcohol consumption and cirrhosis (Skog, 1984) .
In contrast, the rates seen in Georgia illustrate the patterns found in most southern states (and Massachusetts): alcohol consumption and cirrhosis mortality increased for both Whites and African Americans, but peak rates generally were lower and did not differ as widely between the race groups. Mortality for African-American males in Georgia started at a lower rate than for White men, but it increased more rapidly as alcohol consumption rose during the 1960s. African-American women in Georgia also show a steeper increase in mortality than White women, but cirrhosis mortality for African-American women increased to twice the White women's rate during the 1970s, which was a pattern similar to that seen in the states with a bigger mortality differential for men.
Panel estimates
Overall, the panel models (Table 3) indicate that apparent consumption of total alcohol and of spirits (while adjusting for beer and wine consumption) are each strongly associated with cirrhosis mortality for both White and AfricanAmerican men and women, with the effects magnified for African Americans. When analyzing the data stratifying by the size of the states' differential in White and AfricanAmerican cirrhosis mortality, the overall pattern remains, with significant effects of total alcohol on cirrhosis and larger effect sizes in the 13 states with large mortality differentials and smaller effect sizes for total alcohol in the 11 states without large differentials. This pattern also is seen for the effect of spirits on African-American men's mortality, with stronger associations in the 13 states with large mortality differentials than in the other 11 states. This is in stark contrast to the relatively large effects for spirits on cirrhosis mortality for African-American women in both groups of states. No significant associations between wine or beer and cirrhosis mortality were seen other than a significant negative association between wine consumption and cirrhosis for African-American women. However, this 'protective' effect of wine consumption was not seen in models testing the association separately (not shown) indicating that this result was due to correlations between the beverage type trends.
Differential mortality models (Table 3 ) also emphasized varying contributions of alcohol, and specifically spirits consumption, to cirrhosis mortality for the two groups of states. After adjusting for White men's cirrhosis mortality (which was significant in all models), there was a significant and positive association of total alcohol and of spirits with African-American men's cirrhosis mortality overall and in the group of states with a large African-American/White mortality differential. The results for women diverged from those for men, in that White women's cirrhosis mortality was not a significant predictor of African-American women's mortality, and the coefficient for spirits actually was much larger in the states with a small African-American/White mortality differential than in the states with a large differential.
Analyses of the timing of mortality changes
Granger causality tests assessed the timing of mortality rate changes for African-American men in the states where the large mortality differential was observed. Results were consistent with graphical inspection of cirrhosis mortality trends. New York was the first state where African-American mortality rates began to rise. Next were the nearby states of New Jersey and Maryland, followed by Connecticut, Delaware, Washington DC and Illinois. The last group of states was North Carolina, Pennsylvania, West Virginia, Ohio, Michigan and Missouri. These patterns make sense geographically and may give some insight into the underlying process through which the spread of risky drinking patterns and cultures emerged.
DISCUSSION
Findings for men clearly support the hypothesis put forth by Herd (Herd, 1985) . In the northern, urban states, spirits consumption was responsible for a large increase in cirrhosis mortality among African-American men (25%/l of ethanol, compared with 18%/l in the southern states). The effect of spirits on cirrhosis mortality of White men in the northern states also was stronger than in the southern states (21 vs. 12%/l of ethanol). The data for African-American women do not conform as closely to this hypothesis, however. Spirits consumption was associated with an increase in AfricanAmerican women's cirrhosis mortality of 31-46%/l of ethanol, depending on region. The differential mortality models suggest that African-American men's cirrhosis mortality in the southern states (those without a large differential) is less directly linked to spirits than in the northern states, but that African-American women's cirrhosis mortality is strongly related to spirits consumption in both regions of the country. These patterns are very similar to those observed with a smaller grouping of states based on wetness (data not shown), which suggests that drinking norms in these areas may be a factor. Over the period from 1950 to 1975, there was a dramatic increase in age-standardized cirrhosis mortality rates in the USA, with a disproportionate increase for African-American men and women in the Mid-Atlantic and North Central states. White rates increased by 50-100% and AfricanAmerican rates showed double or triple this increase in these regions. This mortality trend in these states paralleled a 50% increase in per capita spirits consumption and a 30-40% increase in per capita total alcohol intake. The age-standardized mortality increase, particularly for African Americans, was composed of two components. First, as demonstrated by Herd (1985) , there was a substantial reduction in the average age of death from cirrhosis starting with the 1901 birth cohort with continued decline through the 1930-1950 birth cohorts. As cirrhosis death is more common at older ages, increases in mortality in younger groups will disproportionately increase the age-standardized rate and present a significant public health concern. Second, more cirrhosis deaths occurred in both the White and African-American populations over time, indicating that a larger proportion of each group engaged in long-term heavy drinking. Both of these changes were likely larger in the African-American population. Herd (1985) presents several hypotheses as potential explanations for the observed mortality pattern. Given the size of the mortality increase, it is likely that more than one factor contributed. First, heavier volume and more extreme drinking patterns likely occurred in the 20-40 age group, given the large increases in mortality at relatively younger ages. A greater propensity for continued heavy drinking into the 30s and 40s among African Americans (Caetano, 1984; Caetano and Kaskutas, 1996; Johnson et al., 1998) was likely an important factor in the mortality differential. Second, the drinking patterns associated with spirits consumption, such as drinking higher concentration beverages and achieving higher blood alcohol levels also may have played a role. African Americans drink proportionately more spirits than Whites even today, (Kerr and Greenfield, 2007) and they also may have been more likely to drink moonshine (illicitly produced liquor) (Herd, 1985) . Moonshine drinking is likely to be associated with drinking to intoxication, and the liquor often contains contaminants such as lead and methanol (Holstege et al., 2004) , which could result in greater liver damage. Third, differences in diet and nutritional status between heavy drinkers by race may result in more harm to the liver from a given amount of drinking. For example, pork consumption has been found to be related to higher cirrhosis mortality risk, (Bode et al., 1998) , and pork consumption is higher among US African Americans than Whites (Gans et al., 2003; McCabe-Sellers et al., 2007) .
Fourth, there may be differences in genetic susceptibility, such that relative to Whites, African Americans are at an increased risk of liver damage from a given amount of alcohol (Stewart, 2002) . Finally, chronic hepatitis B infection can amplify the negative effects of alcohol on the liver, and infection rates may have been higher in US African Americans (Herd, 1985; Kim, 2009 ).
The present study cannot identify whether any or all of these potential explanations are true or to what extent they may account for the differential effects of spirits consumption on cirrhosis mortality by race. It does, however, suggest avenues for future research. The rise in the number of individuals dying from cirrhosis indicates an expansion of heavy drinking patterns or an increase in longevity of such patterns among both race groups, but to a greater extent among African Americans. The rapidity of mortality rate rise~1965 corresponds with rising per capita spirits consumption, but it also may be related to a lagged effect of a post-World War II drinking boom in the general US population. In populations without a pool of long-term heavy drinkers, cirrhosis mortality will not increase directly with consumption and heavy drinking at first, as liver damage builds over time. The timing of the 1965 rise at~20 years after the war suggests the possibility of such an effect. The increase in per capita consumption (especially spirits) also was important and may have been associated with a steep rise in the prevalence of detrimental drinking patterns, such as daily heavy drinking White cirrhosis mortality rate is sex-specific. *P < 0.05, **P < 0.01, + P < 0.10.
or all-day drinking. Examination of survey data from this period could potentially shed some light on this phenomenon, but little such data are available. The other side of the rise and divergence in cirrhosis rates is the decline and convergence that took place from~1980 to the mid-1990s. During this period, total alcohol and spirits consumption declined, and the cirrhosis mortality rates of African Americans declined at a steeper pace than those of Whites. By 1970, moonshine consumption had declined to a lower level (Licensed Beverage Industries, 1971 ) and hepatitis B prevalence may have also declined over time (Kim, 2009) . The nutritional status of heavy drinkers also may have improved over this period, although diets in the USA generally are considered to have worsened over this period. Since 1980 obesity, average body mass index and related diseases such as diabetes have also increased substantially in the USA (Ogden et al., 2006; Reither et al., 2009) . Recent studies have established these as risk factors for liver cirrhosis (Marchesini et al., 2008; Garcia-Compean et al., 2009; Hart et al., 2010; Liu et al., 2010) ; however, declining cirrhosis mortality rates suggest that these causes did not strongly influence US cirrhosis mortality trends through 2002. Further the evaluation of birth cohort patterns of mortality is warranted to establish the cohorts in which mortality rates first began to decline. The 53-year view on alcohol consumption and mortality presented here shows a surprisingly symmetric pattern, suggesting a 50-year wave of consumption change, similar to waves of consumption of varying lengths observed in other countries (Skog, 1986) . While African American and White drinking cultures may have differed in some respects, it does appear that the timing of trends was closely related, possibly due to the influence of similar market and cultural factors.
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